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(54) Release mechanism for a pressure vessel 

(57) A mechanism (10) for releasing high pressure 
fluid from a pressure vessel has a connecting member 
(12) for connecting to the pressure vessel, a support 
sleeve (20), asealingdisk (35), supporting means wtiich 
may be a trap door (50), a rotatable column (68), or a 
support plug (78) and a protractor (32) or retractor (80) 
for selectively removing the supporting means and thus 
opening the sealing disk. The sealing disk can also be 
opened spontaneously, operating as a relief valve. 
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0 scription 

This invention pertains to mechanisms for releasing 
fluid from a pressure vessel. 

Various technologies such as inflatable vehicle oc- 
cupant restraints and fire suppression systems require 
the rapid release of pressurized fluid from a pressure 
vessel It is known to provide a relatively weak burst 
disk, unable by itself to withstand the internal pressure 
of the pressurized fluid, which is in turn supported by a 
structural support. When it is desired to release the pres- 
surized fluid from the pressure vessel, the structural 
support is somehow removed or broken allowing the 
burst disk to burst. Various methods are known for re- 
moving the structural support and include, manual ac- 
tuation, thermal actuation, hydraulic/pneumatic actua- 
tion, actuation by a mechanical acceleration sensor, and 
actuation by an unconfined pyrotechnic device. A pyro- 
technic device uses an explosive pyrotechnic material. 
Typically the explosive pyrotechnic material is ignited by 
an electric signal. For unconfined pyrotechnic devices, 
which are the only ones known to be used In the art, the 
products of combustion are released outside of the py- 
rotechnic device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exploded, perspective, assembly 
view of the release mechanism of this invention called 
the trap door embodiment. 

Figure 2 is a cross-sectional view of the support 
sleeve and thrust diverter of the trap door embodiment 
taken along the longitudinal axis and showing the trap 
door in a closed position. 

Figure 3 is a cross-sectional view of the support 
sleeve and thrust diverter taken along the longitudinal 
axis at a slightly different angle than illustrated in Figure 
2. 

Figure 4 illustrates another embodiment of this in- 
vention called the spin-and-drop embodiment. 

Figure 5 illustrates still another embodiment of this 
invention called the retractor embodiment. 

Figure 6 is a cross-sectional view of the support 
sleeve and trap door of the trap door embodiment illus- 
trating the invention working as a relief valve. 

Figure 7 illustrates another embodiment of this in- 
vention called the pin-and-drop embodiment. 

Figure 8 is a cross-sectional view of the support 
sleeve and.pillar of the pin-and-drop embodiment. 

Figure 9 is an enlarged, perspective view of the trap 
door used in the trap door embodiment. 

Figure 10 is an enlarged, assembly view of an al- 
ternate trap door. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings wherein the show- 
ings are for purposes of illustrating a preferred embod- 



iment of the invention only and not for purposes of lim- 
iting the same, Figures 1-3 show the release mecha- 
nism 10 of the present invention. This invention works 
with both compressible and non -compressible fluids 
s over a very wide pressure and temperature range. Typ- 
ical applications of the release mechanism 10 disclosed 
include fire suppression systems, vehicle occupant in- 
flatable restraints, and other similar applications where 
fluids are released quickly 
10 With reference to Figure 1 , the release mechanism 
10, to be known herein after as the trap door embodi- 
ment, Includes a connecting member 12 for connecting 
to a pressure vessel (not shown). The pressure vessel 
contains high pressure fluid. The connecting member 
15 12 has threads 14 for screwing onto the pressure vessel 
although other connecting means can be chosen with 
sound engineering judgment. The connecting member 
has a substantially cylindrical shape with a diameter 01 . 
On its end 16, the connecting member 1 2 has an open- 
20 ing (not visible) concentrically located. Dowel pins 18 
attach to dowel holes (not visible) in the lower end 16 of 
the connecting member 12 and will be discussed in 
more detail following. It should be noted that dowel pins 
are not required but may be beneficial in some applica- 
25 tions determined with sound engineering judgment. 

With reference now to Figures 1-3, the release 
mechanism 1 0 includes a support sleeve 20 which has 
a substantially cylindrical shape with a diameter D2. The 
support sleeve 20 has a first end 21 and a second end 
30 22. An axial opening 24 is centrally located on the first 
end 21 and is concentric with the opening (not visible) 
on the end 16 of the connecting member 1 2. Also locat- 
ed on the first end 21 of the support sleeve 20 are dowel 
pin holes 26 and first boll holes 28. As noted above dow- 
3S el pins are not required and thus dowel pin holes are not 
essentia) either. First bolt holes 28 receive bolts 29 
which extend through the support sleeve 20 and into 
second bolt holes (not visible) on the end 16 of the con- 
necting member 12. The bolts 29 hold the support 
40 sleeve 20 to connecting member 1 2 by mating first end 
21 and end 16. 

The support sleeve 20 also has an offset linear 
opening 30 which has threads 31 for receiving a self- 
contained pyrotechnic actuator which in this embodi- 
es ment is protractor 32. Offset linear opening 30 is termed 
offset because it is offset from a parallel line (not shown) 
extending radially through support sleeve 20. However, 
equivalent performance may be had by other opening 
configurations, such as linear and curvilinear paths 
so which lie in planes perpendicular or skew to the plane 
containing the axis of rotation of support sleeve 20. The 
protractor 32, sometimes known as a gas motor, can be 
of any type currently available and chosen with sound 
engineering judgment. The protractor 32 contains a 
ss small quantity of explosive material which is ignited by 
an electrical signal. The products of combustion are 
contained inside the body of the protractor 32 and have 
no escape path. This means that the protractor 32 re- 
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leases nothing to the environment and is totally clean 
and self-contained. Frequently, a protractor 32 can be 
classified for shipping and handling purposes as a non- 
explosive device. The preferred protractor 32 is availa- 
ble from ICI Nobel's Explosives of Ayrshire, Scotland. 
The proper size and typei of protractor 32 is selected by 
sound engineering judgment depending on the use for 
the release mechanism 10. The protractor 32 has elec- 
trical contact means 33 for receiving an electrical control 
signal which would activate the protractor 32. 

With continuing reference to Figures 1-3, the re- 
lease mechanism 1 0 includes a thrust diverler 40 which 
has a substantially cylindrical shape with a diameter D3. 
It should be noted that in the preferred embodiment the 
diameter D1 of the connecting member 12, the diameter 
D2 of the support sleeve 20, and the dianneter D3 of the 
thrust diverter 40 are substantially the same but equal 
diameters are not required for this invention. The thrust 
diverter 40 has a first end 41 and a second end 42. An 
axial opening 44 is centrally located on the first end 41 
and is concentric with opening 24 in the insert member 
20. Also located on the first end 41 are bolt holes 46 
which receive bolts 47. As is best seen in Figure 2, the 
bolts 47 extend through the thrust diverter 40 and into 
second bolt holes 27 in the support sleeve 20 holding 
the thrust diverter 40 to the inset ring 20 by mating ends 
which are first end 41 and second end 22 of the support 
sleeve 20. The thrust diverter 40 also has a plurality of 
holes 49 for diffusing the high pressure fluid. 

With continuing reference to Figures 1-3, the re- 
lease mechanism 1 0 also includes sealing means which 
in this embodiment is a sealing disk 35 which is inter- 
posed or sandwiched between the end 16 of the con- 
necting member 12 and the first end 21 of the support 
sleeve 20. The sealing disk 35 is made of a thin metal 
such as stainless steel, copper or brass. The type and 
thickness of metal is chosen dependent upon the de- 
signed pressure range for the device 10. This design 
permits the sealing disk 35 to be a simple flat foil which 
can be stamped from shim stock or flat foil. This mini- 
mizes cost. In any case, the sealing disk 35 is designed 
such that it cannot, alone, fully support the pressure of 
the fluid in the pressure vessel (not shown), in the case 
of very high fluid pressures it would be necessary to se- 
cure sealing disk 35 in place to prevent it from extruding 
through axial opening 24. One option is to weld the seal- 
ing disk 35 to the connecting member 12 or to the sup- 
port sjeeve 20, This would improve the leak-tightness of 
the overall device. Another option is to secure the seal- 
ing disk 35 using dowel pins 18. Other securing means 
may also be used when chosen with sound engineering 
judgment. The dowel pins 18 extend through dowel pin 
holes (not shown) in the end 16 of the connecting mem- 
ber 12, through dowel pin holes 36 in the sealing disk 
35. and through dowel pin holes 26 in the first end 21 of. 
the support sleeve 20. Since the dowel pins when first 
installed are separate pieces, they can be placed first in 
the connecting member 12 as shown in Figure 1 or they 



can be placed first In the support sleeve 20 as shown 
Figures 1-3. 

With reference now to Figures 1-3. 6. and 9-10. a 
supporting means, in this embodiment a trap door 50 
5 having first and second sides 55, 56 is used to provide 
the necessary support to sealing disk 35 so that it can 
withstand the pressure of the fluid in the pressure ves- 
sel. The trap door 50 has a substantially circular end 51 
which, while closed as seen in Figures 2 and 6, is co- 

10 planar with the first end 21 of the support sleeve 20 and 
contacts the sealing disk 35. The trap door 50 is pivot- 
ably supported on its first side 55 by hinge pin 52 which 
is fixedly attached to the support sleeve 20. The trap 
door 50 is also supported on its second side 56 by a 

15 slidabie support member which in this embodiment is T- 
shaped member 54. The trap door 50, as seen best in 
Figure 9, can be made as a single part. Alternately as 
seen best in Figure 10, a trap door 53 can be made of 
two components - cap 13 having notch 17 and bar 15 

20 which is received within notch 17. This is advisable 
when the release mechanism will be re-used because 
nose section 19 of bar 15 can wear from the repeated 
sliding of the slidabie support member, such as T- 
shaped member 54. Should this wearing occur, the bar 

25 1 5 can simply be replaced without replacing the entire 
trap door 53. It should be noted that the slidabie support 
member could have other shapes, such as rectangular, 
as well. T-shaped member 54 is slidabty positioned with- 
in channel 57 of support sleeve 20. Channel 57 is focat- 

30 ed so that its longitudinal axis is parallel to the longitu- 
dinal axis of offset linear opening 30. In this preferred 
embodiment as Is best shown in Figure 6, the diameter 
D4 of end 51 is significantly and proportionally smaller 
than the diameter D5 of axial opening 24. While the ac- 

35 tual dimensions for diameters D4, D5 can be any chosen 
with sound engineering judgment, for purposes of this 
embodiment it has been found that for most applications 
diameter D4 should fall within the range of 50-99% of 
diameter D5. This arrangement provides an annular ar- 

40 ea 25 of disk 35 beyond the diameter D4 of end 51 that 
is not supported. This annular area 25 is where sponta- 
neous rupture occurs in an over-pressure srtuatton. In 
this way the release mechanism 10 acts as a pressure 
relief valve. 

45 With reference to Figures 1 -3, 6, the release mech- 
anism 10 selectively releases the fluid within the pres- 
sure vessel via an electrical control signal sent via elec- 
trical contact means 33 to the protractor 32. When the 
protractor 32 receives the electrical signal, the protrac- 

so tor 32 extends a piston (not shown in Figures 1-3 but 
shown as 71 in Figure 4) which slides T-shaped member 
54 along channel 57 until the second side 56 of the trap 
door 50 is no longer supported by the T-shaped member 
54. The trap door 50 is loaded by the fluid pressure 

55 transmitted through the sealing disk 35. The load caus- 
es the trapdoor 50 to pivot clockwise 59, as shown in 
Figure 3, about hinge pin 52 and the trap door 50 is 
caught within thrust diverter 40. The sealing disk 35, 
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which cannot support the fluid pressure alone, ruptures, 
thereby allowing the fluid to form flow paths 60^ 61 which 
pass through the opening in the connecting member 12, 
continue to move through the axial opening 24 in the 
support sleeve 20. to flow over and around trap door 50, 
to pass through the axial open ing 44 in the thrust diverter 
40, to deflect off end 43 and finally, to exit through the 
plurality of holes 49 in the thrust diverter 40. In this way 
protractor 32 opens the sealing disk 35, i.e., acts as an 
opening means for selectively opening the sealing 
means. Another opening means, discussed above, is 
annular area 25 which spontaneously ruptures, i.e., 
opens, in an over-pressure situation. 

As can be seen in Figure 3, flow paths 60, 61 exit 
in opposite directions, neutralizing the thrust created by 
the momentum generated by the releasing fluid from the 
pressure vessel. In this way the thrust diverter 40 diverts 
and directs the thrust of the releasing fluid, neutralizing 
and zeroing the thrust force. 

With reference to Figures 1-3, it should be noted 
that threads 14, bolts 29 along with bolt holes 28 and, 
bolts 47 along with bolt holes 46 are not required for this 
inventbn. It may be desirable to simply weld or other- 
wise attach, as Is currently known in the art, the con- 
necting member 1 2, the support sleeve 20 and the thrust 
diverter 40 to each other, to sealing disk 35 and to the 
pressure vessel (not shown). This is true, for example, 
when the release mechanism 70 is to be used as a one- 
time-use device such as for vehicle occupant inflatable 
restraints. For other uses such as when the release 
mechanism 70 is to be reused however, the afore men- 
tioned bolts 29, 47 and threads 14 along with the dowel 
pins 18 are desirable. The sealing disk 35 can be re- 
placed, the trap door 50 reseated and a new protractor 
32 can be fitted. This may be desirable, for example, 
with fire suppressbn systems. 

In another embodiment of this invention. Figure 4 
shows release mechanism 70, to be known herein after 
as the spin-and-drop embodiment, which has a support 
sleeve 62 with an axial opening 63 and an offset linear 
opening 64 which receives a protractor 32 as discussed 
above. Thrust diverter 65 has a female keyway 67 with 
a curved inner surface 37 and a plurality of holes 66 for 
diffusing the high pressure fluid, in this embodiment the 
sealing disk 35 (not shown in Figure 4 but positioned 
and utilized in this embodiment as in the embodiment 
illustrated in Figures 1 and 3) is supported through axial 
opening 63 by column 68 which has a first wing 69. It 
may also desirable to use a second wing preferably 
symmetrically located 1 80* apartf rom first wing 69. This 
second wirig (not shown) is preferably sized and shaped 
like first wing 69 and therefore able to fit inside keyway 
67. It should also be noted, that it would be possible to 
have first wing 69 supported by support sleeve 62 in- 
stead of thrust diverter 65. This release mechanism 70 
operates in the same manner as the preferred embodi- 
ment above except that when the protractor 32 extends 
piston 71 the piston 71 contacts first wing 69, rotating 



column 68 about its central longitudinal axis. As column 
68 rotates, it contacts curved inner surface 37 in a way 
similar to the rotation of a round shaft inside a journal 
bearing. As soon as column 68 has rotated through a 
5 sufficient angle, first wing 69 aligns with female keyway 
67. At that point, the column 68 would drop into the fe- 
male key way 67, thus removing the support of the seal- 
ing disk by the column 68. Since the sealing disk cannot 
support the fluid pressure alone, it ruptures. The pres- 
to surized fluid would then be released from the pressure 
vessel in a manner similar to that discussed in the pre- 
ferred embodiment. 

In another embodiment of this invention, Figure 5 
shows release mechanism 72, to be known herein after 
15 as the retractor embodiment, which has a support 
sleeve 73 with an axial opening 74. Thrust diverter 75 
has a cavity 77 and a plurality of holes 76 for diffusing 
the high pressure fluid. In this embodiment the sealing 
disk (not shown in Figure 5 but positioned and utilized 
in this embodiment as in the embodiment illustrated in 
Figures 1 and 3) is supported through axial opening 74 
by support plug 78 which is mounted to the piston 79 of 
a self-contained pyrotechnic actuator which in this em- 
bodiment is retractor 80. It should be noted that retractor 
80 is required to and is capable of bearing the static load 
it receives through the sealing disk (not shown here) 
throughout the storage life of the release mechanism 72. 
It should also be noted that retractor 80 could have been 
supported by support sleeve 73 instead of thrust diverter 
75. The retractor 80 can be of any type currently avail- 
able and in this preferred embodiment is made by ICI 
Nobel's Explosives of Ayrshire, Scotland. The proper 
size and type of retractor is chosen by sound engineer- 
ing judgment depending on the use for the release 
mechanism 72. The retractor 80 has electrical contact 
means 34 for receiving an electrical control signal which 
would activate it. The retractor 80 is positioned in the 
cavity 77 of the thrust diverter 75. In the operation of the 
release mechanism 72, to selectively release the fluid 
within the pressure vessel, an electrical control signal is 
sent via electrical contact means 34 to the retractor 80. 
When ft receives the electrical signal, the retractor re- 
tracts its piston 79 which lowers support plug 78 away 
from the sealing disk (not shown). The sealing disk, 
which cannot support the fluid pressure alone, then rup- 
tures. The pressurized fluid would then be released from 
the pressure vessel in a manner similar to that dis- 
cussed in the preferred embodiment. 

In still another embodiment of this invention. Fig- 
ures 7*8 show release mechanism 90, to be known 
herein after as the pin-and-drop embodiment and not to 
be confused with the spin-and-drop embodiment dis- 
cussed above. Release mechanism 90 has a support 
sleeve 92 with an axial opening 93 and an offset linear 
opening 94 which receives a protractor 32 as discussed 
above. Thmst diverter 95 has a cavity 97 and a plurality 
of holes 96 for diffusing the high pressure fluid. In this 
embodiment the sealing disk 35 (shown in Figure 8) is 
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supported through axial opening 93 by pillar 98 which 
has a groove 99 around its circumference and is held in 
place by a slidable support member which In this em- 
bodiment is pin 100. As is best seen in Figure 8. pin 100 
has a substantially cylindrical cross-section enabling it 5 
to fit within groove 99 of pillar 98. Pin 100 is slldably 
positioned within channel 102 of support sleeve 92. 
Channel 102 is located so that its longitudinal axis is 
parallel to the longitudinal axis of offset linear opening 
94. This release mechanism 90 operates in the same io 
manner as the preferred embodiment above except that 
when the protractor 32 extends piston 71 the piston 71 
slides pin 100 along channel 102 until the pillar 98 is no 
longer supported by pin 100. It should be noted that the 
alignment of piston 71 and pin 100 is off-center. By off- 
center it is meant that the fongitudinal axis of piston 71 
and the longitudinal axis of pin 1 00 are not precisely co- 
linear. This is illustrated in Figure 8 which shows the con- 
tact area 104 of the pin 100 where piston 71 contacts 
pin 1 00 when activated. It can be clearly seen that con- 20 
tact area 104 is not concentric with pin 100. This off- 
center alignment is done so that when the piston 71 is 
extended it does not interfere with the motion of pillar 
98. Once pillar 98 is no longer supported by pin 100, it 
drops into cavity 97, thus removing the support of seal- 25 
ing disk 35 by the pillar 98. Since the sealing disk 35 
cannot support the fluid pressure alone, it ruptures. The 
pressurized fluid would then be released from the pres- 
sure vessel in a manner similar to that discussed in the 
preferred embodiment. 



Claims 

1. A mechanism (10) for releasing fluid from a pres- 35 
sure vessel having an opening, the mechanism 
comprising: 

connecting member (12) for connecting the 
mechanism to the opening in the pressure ves- ^0 
set, said connecting member having an open- 
ing; 

a support sleeve (20) having first and second 
ends (21 , 22) and an axial opening (24); 
a sealing disk (35) for sealing said opening of 
said connecting member, said sealing disk in- 
terposed between said connecting member 
and said first end (21) of said support sleeve; 
supporting means (50, 54) tor supporting said 
sealing disk, said supporting means positioned so 
within said axial opening of said support sleeve; 
and, 

first opening means for selectively opening said 
sealing disk. 

55 

2. The mechanism (10) for releasing fluid from a pres- 
sure vessel having an opening of claim 1 further 
comprising a thrust diverter (40) for balancing thrust 



to the pressure vessel, said thrust diverter being at- 
tached to said second end (22) of said support 
sleeve (20) and having a plurality of holes for diffus- 
ing the high pressure fluid from the pressure vessel. 

3. The mechanism (10) for releasing fluid from a pres- 
sure vessel having an opening of claim 1 wherein 
said first opening means comprises a protractor 
(32) for selectively removing said supporting means 
(50, 54). said protractor responding to an electrical 
signal. 

4. The mechanism (10) for releasing fluid from a pres- 
sure vessel having an opening of claim 1 wherein 
said supporting means comprises a hinge pin (52) 
attached to said support sleeve (20) and, a trap door 
(50) selectively pivotable about said hinge pin. 

5. The mechanism (10) for releasing fluid from a pres- 
sure vessel having an opening of claim 4 wherein 
said supporting means further comprises a slidable 
support member (1 00), said slidable support mem- 
ber selectively removing support from said trap door 
(50). 

6. The mechanism (10) for releasing fluid from a pres- 
sure vessel having an opening claim 1 wherein said 
supporting means comprises a pillar (98) having a 
groove (99) around its circumference. 

7. The mechanism (10) for releasing fluid from a pres- 
sure vessel having an opening of claim 6 wherein 
said supporting means further comprises a slidable 
support member (100) receivable within said 
groove of said pillar (98). 

8. The mechanism (1 0) for releasing flukl from a pres- 
sure vessel having an opening of c\a\m 2 wherein 
said thrust diverter (40) has a female keyway, said 
supporting means comprising a column (68) having 
a first wing (69), said first wing receivable within said 
female keyway, said column selectively rotatable 
within said axial opening (24) of said support sleeve 
(20). 

9. The mechanism (10) for releasing fluid from a pres- 
sure vessel having an opening of claim 2 wherein 
said thrust diverter (40) has a cavity, said opening 
means comprising a retractor (80) for selectively re- 
moving said supporting means (50, 54), said retrac- 
tor fitting within said cavity in said thrust diverter 
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